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ABSTRACT 
This research is framed in the development of an agri-food hub in the city of Milan, 
including retrofitting an historical farmhouse. In particular, it focuses on the renovation 
of two historical buildings within the farmhouse. It aims to present a method to support 
the energy retrofit design of protected buildings, assuming the possibility of achieving 
high energy efficiency and integration of local renewable sources, while respecting the 
constraints related to the building’s historical value. Two envelope scenarios, with 
internal and external insulation, were developed, simulated with Integrated 
Environmental Solutions: Virtual Environment tool and evaluated. As main results, for 
the demand side there are no significant differences in terms of energy loads on yearly 
basis in the two retrofit scenarios, on the supply side, several aspects were considered, 
including the local renewable potential. Concluding, the application of the described 
method to the mentioned case study can support in tackling the challenges of protected 
buildings energy retrofit.   
KEYWORDS 
Historical rural building retrofit, Buildings protection constraints, Cultural heritage, 
Dynamic simulations, Buildings renewables integration, Profiles definition for the  
internal loads. 
INTRODUCTION 
The global challenge toward the reduction of CO2 emissions and the related 
mitigation of climate change phenomena identifies a fundamental role in the upgrading 
of the energy efficiency in the building sector. Indeed, in Europe buildings are
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responsible of consuming 41% of the total final energy demand [1]. Among the built 
environment, existing residential buildings offer the highest energy saving potential: 
more than the 40% of European stock have been constructed before the 1960s when 
regulations about energy uses in buildings were very limited [1], and even by means of 
small interventions at the envelope level, great results in terms of energy performance 
can be achieved. Moreover, focusing on Italy, even if a large portion of the building stock 
has been realized between the ‘50s and the ‘80s, more than 3,900,000 buildings have 
been built before 1920, and several of them are characterized by historic and artistic value 
[2]. Nevertheless, all the national buildings built over seventy years ago, although not 
always characterized by a monumental importance in them, are amenable to protection: 
these buildings determine the national architectural building heritage, the historical 
identity of unique urban contexts [3]. The application of the energy efficiency upgrade of 
buildings identified as ‘cultural good’ is a sensitive issue, especially in Italy, and 
considering its wide variety, age by age, it is not possible to have a unique approach to the 
problem that is possible for new constructions [4]. Therefore, each intervention must be 
combined with a deep acknowledgment of the project context and a feasibility evaluation. 
The European directive in matters of energy efficiency, Directive 2010/31/EU [5], the 
so-called EPBD Recast, and the relative Italian implementation [6], do not give particular 
indications for heritage. For this reason, in Italy, through the Law 90/13 [7] some 
categories of buildings, including protected ones, can be excluded from the achievement 
of minimum energy requirements after the application of energy retrofit actions. In order 
to approach a renovation on a protected building, the design phase must focus on the 
research of the best compromise between advanced and sustainable technologies, to 
guarantee thermal comfort, good energy performance and conservation of the traditional 
elements of the buildings [8]. 
The pursuit of this delicate balance has to be combined with a continuous dialogue 
with the Superintendence that evaluates case by case the compliance of the intervention 
planned with the conservation of the historical and/or artistic value of the construction. 
The retrofit activity on old buildings in Italy seems a very difficult challenge, considering 
the matching among regulations, technical, energy and economic feasibilities [9].  
The need of clear references and tools to face the issue has been stressed by many 
researches in order to support designers and customers and to avoid the derogation 
regime [10] to which protected buildings, most of the time, undergo.  
In a recent review study [11], typical energy retrofit measures have been discussed by 
the difficulty level of application, leading to the finding that the most critical one is the 
improvement of the envelope insulation due to limits of intervention on protected façades. 
Also, among the surveyed articles the most common envelope related intervention was 
the thermal plaster, while few studies considered the insulation of walls from inside and 
even less, from outside. Several studies have investigated the influence of both thickness 
and position of insulation in walls on building thermal performance, highlighting the 
better performance of insulation from outside. For instance, this has been studied based 
on the hygrothermal behaviour of the walls in Cho et al. [12], analysing the inertia effects 
in case of buildings conditioned by earth-air heat exchanger in Rosti et al. [13] or in case 
of bedrooms with intermittent air-conditioning in Cheng et al. [14]. However, the choice 
of insulation of the inner surface can sometimes be necessary, as in case of old buildings 
[15]. In this regard, even if the internal insulation allows appreciating good energy saving, 
it may incur a number of potential risks to the durability of the building fabric, due to 
interstitial condensation [16]. Hence, to prevent condensation in case of internal 
insulation, the possible installation of a vapor barrier on the warm side of it has to be 
evaluated, as discussed in Ferrari and Riva [17]. In the Kovacic et al. [18], after a 
comparison of several energy retrofit scenarios on a building block, the authors have 
pointed out that the installation of internal insulation is one of the best solutions from an 
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overall energy, environmental and economic perspective, also is more compatible with 
protection criteria, although it reduces the useful floor area and is complex without 
tenants resettlement. Conversely, Roberti et al. [19], who presented a multi-criteria 
method for selecting the optimal energy retrofit scenario, pointed out that a partial 
insulation (i.e., concerning only surfaces without historic value) from inside is worse in 
terms of energy demand and comfort. In Ferrari and Romeo [3], in defining the building 
envelope measures, the insulation of the walls was provided only from inside surfaces, 
due to protection requirements, while the insulation of ground floor was allowed. 
Differently, in Ciulla et al. [20] the insulation of ground floor in historical buildings has 
not been considered in order to maintain its old features. In Gourlis and Kovacic [21], the 
authors assessed the energy renovation of an old industry, highlighting the relevant role 
of roof renovation in this type of buildings. In Salem et al. [22], the replacement of 
existing double-glazed windows with triple-glazed ones has been suggested. Conversely, 
in Ferrari and Romeo [3], the installation of internal double-glazed windows in addition 
to the existing single-glazed ones of the protected façade equipped was defined.  
As highlighted in Alev et al. [23], a combination of different measures to be added to 
the envelope measures is necessary to achieve more ambitious targets. 
Under the Heating, Ventilation and Air Conditioning (HVAC) systems point of view, 
many studies have investigated different solutions. For instance, in Becchio et al. [24] 
different alternatives of refurbishment were evaluated considering architectural heritage, 
energy efficiency and costs (low/high investment). A condensing boiler for space heating 
and a multi-split system for space cooling were assessed in the low investment scenario, 
which foresees a residential use, while a water-to-water Heat Pump (HP) and mechanical 
ventilation system in the high investment scenario, which foresees a touristic use.  
In Ferrari and Romeo [3], in order to meet the thermal energy systems and renewable 
sources requirements as well as practice to assess a likely replicable solution, an 
air-to-water HP was foreseen, although, as an alternative, the connection to district 
heating was also investigated. Both air-to-water and ground source HPs were assessed in 
Alev et al. [23]. To replace the existing condensing boiler, the installation of an 
air-to-water HP and the connection to district heating were alternatively assessed in  
Buso et al. [25]. Split systems for space cooling were foreseen in Congedo et al. [26]. 
Menconi et al. [27], by simulating several renovation scenarios involving different heat 
recovery ratio and energy sources for mechanical ventilation, highlighted the strong 
impact of the building service systems retrofit in historical buildings, mainly due to the 
low efficiencies of the replaced old systems. Micro-cogeneration was found as essential 
to achieve the desired energy performance in Salem et al. [22]. Blázquez et al. [28], by 
simulating and comparing different ventilation system scenarios for assessing the impact 
on both energy performance and thermal comfort, underline the importance of heat 
recovery coupled to mechanical ventilation to avoid consistent energy losses due to air 
changes. Conversely to the others studies, in Ciulla et al. [20], the integration of 
renewable energy technologies (such as geothermal energy or connection to district 
heating) was addressed as not always easy or feasible in historical buildings retrofit, 
however, some smart solutions at operational level (thermostats, controls, set-point 
temperature, etc.) are adoptable. 
Solar systems integration can be complex in historical buildings also due to urban 
visual impact in cultural heritage contexts. In Ferrari and Romeo [3], the issue has been 
dealt by integrating Photovoltaic (PV) panels on the building roof pitch facing the 
internal courtyard. In Cellura et al. [2], the installation of PV panels was not allowed on 
the rural office building roof due to the surrounding archaeological area, and therefore 
was proposed on the car parking area. In Alev et al. [23], the installation of solar thermal 
systems for Domestic Hot Water (DHW) has been adopted. In Becchio et al. [24], both 
PV and solar thermal systems were adopted. 
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From Table 1, which summarizes the features of the selected studies from literature, 
the predominance of non-invasive measures on the external walls (i.e., thermal plaster or 
insulating panels from the inner side) and the installation of new windows can be noted. 
In some cases, the renovation also regarded roof and ground floor. In a few cases, HVAC 
and solar systems have also been considered. 
Another relevant issue when accomplishing an energy retrofit of buildings is the 
choice of the method for evaluating the related energy performance. According to Webb 
[16], it can be done based on field measurements [29] or laboratory testing of the 
envelope thermal properties [30] or based on building energy simulation [9].  
Considering the mentioned need of searching the optimal balance between protection 
constraints and energy saving requirements, building energy simulation can be a valuable 
method for comparing in advance several retrofit scenarios. A proper reliability of the 
results can be obtained adopting a detailed simulation tool, i.e., dynamic 
calculation-based, allowing to carefully define the building simulation model 
assumptions for the assessment of the building thermal energy needs [31].  
The outlined framework highlights the open issues when designing suitable energy 
renovation measures accurately tailored on buildings. 
This paper aims at the evaluation of the energy retrofit on protected buildings of rural 
origin, therefore giving a particular contribution to the open debate, by investigating the 
technical feasibility of measures for improving its performance, also including the 
implementation of renewable sources.  
The research has its origins in the framework of “UIA OpenAgri – New skills for new 
Jobs in Peri-urban Agriculture” [32], a European project of sustainable and integrated 
urban development. The project is devoted to the creation of an innovative agri-food hub 
through the renovation of two historical rural buildings of Cascina Nosedo, an old 
farmhouse located in a peripheral and critical area of Milan.  
 
Table 1. Features of selected studies on historical buildings energy renovation 
 
 [20] [28] [23] [33] [24]L [2] [3] [25] [22] [26] [24]H [21] [27] 
Use category Residential Off. Edu. Touristic Ind. Agri. 
Country IT ES BA SE IT IT IT IT UK IT IT AT IT 
Walls insulation TP-II CI EI II/EI EI II II ● II TP EI II II 
Roof insulation TP  ● ● ● ● ● ●   ● ● ● 
Floor insulation   ● ● ●  ● ●  ● ●  ● 
New windows  2G 2G ● 2G/2Gi ● 2G 2Gi ● 2G 2G ● ● 2G 
Air-to-water HP installation   ●    ● ●      
Water-to-water HP           ●   
Ground source HP installation   ● ●          
Wood boiler installation   ● ●          
Other systems installation   ● ● ●    ● ●    
VMC installation  ● ●      ●  ●   
PV installation     ● ● ● ●  ● ●   
ST installation   ●  ●   ● ● ● ●   
L: low investment scenario, H: high investment scenario, 2G: double glazed windows, 2Gi: additional internal double glazed windows, 3G: three glazed windows,  
Agri: agricultural, BA: Baltic area (Estonia, Finland and Sweden), CI: cavity insulation, Edu.: educational, EI: external insulation, II: internal insulation, Ind.: industrial,  
Off.: office, ST: solar thermal, PV: photovoltaic, VMC: Mechanical controlled ventilation. 
METHOD 
Approaching the retrofit of a historical building on the Italian territory, it is helpful to 
refer to the principles defined by the Ministry of Cultural Heritage, Activities and Tourism 
(MiBACT) within the document “Guidelines for the energy efficiency upgrade of the 
cultural heritage” [34]. As also clarified in de Santoli [35], neither ready to use solutions 
nor mandatory methodologies, are provided. Although the Guidelines provide a collection 
of suggested measures for historical buildings, it is evident that a wide degree of discretion 
occurs at the design stage. This is due to the fact that one should simultaneously consider 
any particular advice from the responsible local institution, as well as any specific, 
architectural and technical features that merit to be addressed. Therefore, a method 
composed by different steps should be adopted, as described in the following. 
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Architectural survey 
As suggested in the above-mentioned document and anticipated in the Introduction 
section, the design phase has to be faced after a deep acknowledgement of the context, 
both from architectural and cultural point of view. To that end, the first step of the method 
is an architectural survey on the project site in order to notice, together with the analysis 
of the conservation state, the traditional elements and materials characterizing the 
cultural good. The architectural survey allows also the verification of the acquired 
dimensional data in order to develop the geometric model for the energy assessment of 
the buildings involved.  
In addition to the regulatory framework and to the architectural survey, in the 
preliminary analysis, energy simulation of the building before retrofit (baseline) can be 
accomplished and, if data about energy consumptions are available, calibrated. 
Hypothesis and design approach for the retrofit intervention 
According to the information acquired by the architectural survey and taking into 
account the main criticalities of the buildings involved in the retrofit process, in order to 
build a simulation model for the energy assessment, the main architectural features of the 
buildings have to be defined, in such a way as to consider the main traditional elements.  
Since there are no ready-to-use solutions in the mentioned Guideline, for finding the 
best solution, able at the same time to preserve the historical and cultural value of the 
construction and to ensure the lowest energy consumption, it is appropriate to propose a 
set of different solutions with increasing levels of energy performance and/or compliance 
with historical and architectural constraints.  
Implementation of the energy model 
In order to assess the effects of proposed retrofit scenarios, especially in terms of 
energy saving potential with respect to the pre-retrofit situation, an energy model 
describing the considered buildings has to be developed. According to the available 
information derived from the preliminary retrofit project, the model has to be designed 
through the definition of the buildings shape and construction characteristics, the 
partition of the thermal zones having different occupational profiles and internal gains, 
which is even more important in case of multifunctional end use of the buildings [36].  
In order to assess the energy behaviour of the buildings, several tools can be adopted with 
different levels of detail. Among the tools available for properly assessing the dynamic 
behaviour of buildings, the software IESVE† can be adopted, as done for the present 
application (Result section). IESVE has been validated by Building Energy Simulation 
Test (BESTEST) based on ASHRAE Standard 140 and its capabilities have been recently 
compared with the EnergyPlus ones, with regard to different operation states of an 
educational building in Canada, obtaining slightest discrepancies [37]. The use of this 
software in energy simulation is gaining attention within research framework. Indeed, it 
has been used in several studies to assess, for instance, the energy consumption of a 
market building in New Taipei [38], the energy saving potential of an air handling unit 
within an office building in Singapore [39], the overheating risks and daylighting levels 
in high-rise residential buildings placed in London [40], and also the building energy 
demand at community level [41]. 
Thermal zonation and occupational profiles 
The definition of the functions assigned to the thermal zones have to be carried out 
matching the possible new end use foreseen by the project, based on the needs of the 
                                                 
† IESVE for engineers (Integrated Environmental Solutions: Virtual Environment) is a 3D energy 
performance analysis software (https://www.iesve.com/support/userguides) 
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partners involved in it. Once the preliminary functions have been set, the next step 
regards the definition of the most proper occupational profiles, i.e., the time schedules 
modulating the heat gains associated to people, appliances and artificial lights.  
Among the other available and in force in the different contexts, the technical book SIA 
2024 [42] offers an exhaustive characterization of many thermal zones, divided by 
function. Moreover, the parametrization adopted is accurate and well suitable for the 
integration as input in a dynamic simulation of a building energy model. 
Energy simulation and estimation of energy needs and consumption 
The first step, towards the definition of the energy model and its simulation, concerns 
the development of the geometric model of the buildings involved. Then the model has to 
be imported into the energy simulation tool detailing constructions, thermal loads and 
occupancy schedules of each thermal zone. The climatic conditions have to be selected in 
order to perform the calculation of the energy needs, importing the proper climatic file. 
Different outputs can be calculated by the energy simulation in order to explore the 
effects of the different retrofit strategies on thermal comfort, levels of indoor temperature 
and energy needs. Systems devoted to heating and cooling are usually assumed to be 
operating according to the occupancy schedule of each thermal zone.  
Once the energy simulation has been run, accounting the building envelope retrofit 
measures, and the cooling and heating needs for each thermal zone have been evaluated, 
hypotheses and evaluations on the energy supply and use of different energy sources, 
including renewable ones, have to be given. Further, if the obtained results are not 
satisfying, according to a recursive approach, the method can be repeated from the 
beginning, changing the original energy retrofit hypothesis with the aim to improve the 
design process. The results obtained by different scenarios and approaches can be 
compared towards the optimal one.  
The comparison of different energy retrofit solutions is useful in particular dealing 
with protected buildings, because the obtained results can influence the Superintendence 
judgement, in order to approve the most effective and compatible solution. 
The different methodological steps are described in Figure 1 where, for the sake of 
generality, the possibility to compare the results obtained by the same mentioned method 
or by an energy audit, before and after the retrofit for the energy improvements 




Figure 1. Methodological scheme 
RESULTS AND DISCUSSION 
The method described in the previous section is applied to the case study of Cascina 
Nosedo in order to verify its applicability, effectiveness and replicability. 
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The case study of Cascina Nosedo: Results of the architectural survey 
The origin of Cascina Nosedo lies around 1600 with the realization of a productive 
farm. In 2013, after a long period of abusive occupation, the Municipality of Milano 
regained the site in order to valorise the historic and artistic relevance of this protected 
cultural heritage. The farmhouse area is composed by 11 buildings arranged in a 
traditional court scheme. As highlighted in Figure 2, the buildings that will undergo the 
retrofit are the two on the right (buildings 9 and 10), object of the present study.  
They have a single floor regular rectangular plan, for an overall floor surface of 337 m2 
for building 9 (B9) and 554 m2 for building 10 (B10).  
Through the architectural survey carried out on the project site, all the buildings’ 
features have been scheduled in a check list, in order to have an overview on the 
conservation status, and to highlight the traditional elements and materials that should 
commonly be kept unaltered or re-established to restore the historical value of the site.  
In particular, consistently with the original features of the buildings of the farmhouse 
(Figure 3), the following elements should be considered: the visible clay brick pillars 









Figure 3. Building 10 (left), building 9 (centre) and detail on conservation status (right) 
 
The survey carried out on the project site has been useful to highlight the criticalities 
related both to the conservation state of the constructions and to the feasibility of the 
retrofit directives from Municipality of Milano advisors. The buildings 9 and 10, as well 
as the rest of the farmhouse, show diffuse deterioration signs, mainly related to the 
complete absence of a planned maintenance during the time. The plasterboard is 
detaching from the brick walls due to atmospheric corrosion, many clays on the roofs are 
damaged and the roof of building 10 has been roughly replaced with an asbestos shelter in 
the past, therefore, in order to restore the safety and serviceability of the two buildings, 
some preliminary interventions have to be accomplished.  
Several criticalities arise also in the development of the energy retrofit simulation, 
indeed, it concerns the energy performance improvement of buildings mostly abandoned 
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and composed by open and unheated spaces at the actual state. For this reason, the 
assessment of an energy audit, in order to define a reference case for the energy 
improvements evaluation, was not possible. 
Design approach for the retrofit of Cascina Nosedo: Envelope scenarios 
A first retrofit hypothesis concerned, together with the substitution of windows and 
roofs, the insulation of the opaque envelope from the outer side, a common solution for 
energy retrofits. However, considering the adverse opinion of the Superintendence on the 
feasibility of this first proposal, due to the alteration of the external aspect, it was 
necessary to develop an alternative retrofit solution, providing thermal insulation of the 
opaque envelope from the inner side.  
Nevertheless, both the envelope scenarios have been kept into account for the whole 
design process, in order to evaluate their potential benefits. 
Both solutions studied and proposed foresee an insulation with 10 cm wood fibre 
panels, provide the same walls thermal transmittance (0.26 W/m2K), in line with the 
indexes in force [6], while different internal heat capacity (15 and 179 kJ/m2K for internal 
and external insulation cases, respectively). Hence, the main difference between the two 
scenarios is represented by the relative position of the insulation layer with the respect of 
the thermal mass of the wall.  
Energy model and thermal zonation of Cascina Nosedo 
The two buildings have been divided into several new spaces (i.e., thermal zones) 
arranged in two floors in each building. Consequently, the façades are expected to be 
equipped with a proper number of windows in order to match the minimum requirements 
of daylight and natural ventilation. The definition of the functions assigned to the thermal 
zones has been carried out matching the new end use foreseen by the project, based on the 
needs of the partners involved in it. Once the preliminary functions have been set, the 
most proper occupational profiles (i.e., the time schedules modulating the heat gains 
associated to people, appliances and artificial lights) have been implemented. Since the 
buildings have been simulated before the publication of ISO 17772-1:2017 [43], that 
contains the precise weekly time schedules for each typology of space, the national 
reference in force [44] was compared to other available and more detailed references. 
Among them, the technical book SIA 2024 [42] according to the considerations reported 
in the Method sections. Therefore, in order to develop the thermal template of the model, 
the time schedules and the related internal gains for people, lights, appliances, ventilation 
rates and DHW referred to five different thermal zone typologies (kitchen, restaurant, 
laboratory, expo/conference room and office) were extrapolated from SIA 2024.  
Heating and cooling systems were assumed to be operating according to the occupancy 
schedule of each thermal zone. The sensible heating and cooling demands are computed 
by imposing the achievement of a set point temperature, 20 °C and 26 °C for the heating 
and cooling season‡, respectively.  
Hence, the whole model was finally divided into 8 thermal zones. The main features 
related to them are briefly described in Table 2, for both ground floor (GF) and  
first floor (1F). 
As example, the appliances profiles assigned to the restaurant and office thermal 
zones follows (Figure 4), highlighting the different schemes of the time schedules 
adopted. While, the artificial lights profiles were defined by SIA2024 in a different way, 
with a constant value of electric consumption associated to a certain number of hours per 
day that has been adjusted on the occupancy profile of each thermal zone. 
                                                 
‡ Heating season: 15th October-15th April, cooling season: 15th April-15th October {according to [45] 
for Milano (Zone E)} 
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Table 2. Thermal zones list and description 
 
Code Building-Floor Name Description SIA schedule Area [m2] 
TZ01 B9-GF Kitchen Kitchen of the restaurant Kitchen 80 
TZ02 B9-GF Restaurant GF Restaurant/food delivery Restaurant 156 
TZ03 B9-1F Restaurant 1F Restaurant/event room Restaurant 207 
TZ04 B9-1F Kitchen lab Innovation food laboratory Laboratory 114 
TZ05 B10-GF Greenhouse lab Technical space for the aquaponic greenhouse§ Laboratory 334 
TZ06 B10-GF Cycle officine Laboratory for bicycle repairing Laboratory 141 
TZ07 B10-1F Expo room Polyfunctional area for expositions Multi-purpose area 351 





Figure 4. Example of time schedule profiles (restaurant aboveand office below) for appliances’ 
internal heat gains [43] 
Dynamic simulations by Integrated Environmental Solutions: Virtual Environment 
According to the Method section, the geometric 3D model of the two buildings has 
been implemented by using SketchUp**. The model includes the 8 thermal zones and the 
surrounding shading context. Once imported into IESVE, the construction templates, the 
thermal loads templates and the occupancy time schedules of each thermal zone have 
been defined. Then, the climatic data have been assigned by selecting the climatic file of 
Milano_Linate_TMW††. The output obtained quantifies the thermal energy needs for 
heating, cooling and DHW, and the electricity demands for appliances and artificial lights 
for each thermal zone and grouped for building 9 and building 10.  
Local renewable sources integration 
A preliminary evaluation on the availability of local renewable potential, and the 
possibility of implementation of it for the building energy supply, has been carried out.  
In order to explore solar energy conversion, an assessment about PV potential has 
been carried out, because Building Integrated Photovoltaics (BIPV) on roofs are 
suggested also in case of renovation of historic buildings in de Santoli [35].  
Solar simulations have been performed on a 3D model of the area using the tool DIVA 
for Rhino‡‡ adopting the validated Radiance/Daysim engine, over geometrical objects in 
Rhinoceros§§. The first step is a preliminary assessment of the surfaces, within the 
buildings in the model that better fit for a solar panels’ installation, adopting the total 
annual solar radiation as benchmark. The results indicate good availability of solar 
potential. The implementation of BIPV has been envisioned only on the south-western 
roof’s pitch of building 10 (1,130 kWh/m2 per year of average total irradiation) since the 
actual roof has to be disposed anyway (asbestos). 
                                                 
§ A greenhouse for developing an aquaponic activity is a component of the project 
** www.sketchup.com/it/learn/resources 
†† The climate data used for all the analysis is the one of Milano Linate that is the nearest location to the 
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Moreover, even if insufficient information was available for a predesign of the 
heating/cooling systems and plants, a hypothesis about the exploitation of the renewable 
local sources devoted to it was provided. The presence of a water treatment plant of 
Nosedo in the vicinity and of a sewer collector behind the area of Cascina Nosedo have 
been considered for the operation of HPs. The wastewater collected is characterized by 
interesting temperature profiles, between 10 and 20 °C around the year, giving the 
possibility to extract the heat from it through reversible HPs, connected to the wastewater 
collector by heat exchangers, and exploit it in the heating/cooling and DHW systems. 
Outputs of the simulation: heating and cooling needs 
For what concerns the energy performance of the two buildings in terms of heating 
and cooling needs, the results of the simulations have been schematized as reported in 
Table 3, highlighting the comparison between the two envelope scenarios, according to 
the results obtained by the energy simulations.  
As main results, the internal insulation implies a decrease of 18% of heating energy 
need (and a decrease of 9% in the hours of heating system activation) but an increase of 
16% in related peak, affecting the size of the heating system. Cooling side, internal 
insulation implies an increase of 8% of energy need, maintaining the same pick and the 
same number of hours of system activation. 
It is possible to note that, due to the destination of the buildings (non-residential) and 
to the assumed profile of use that is rather intermittent, there are not significant 
differences in terms of energy needs on yearly basis in the two scenarios (internal and 
external insulation).  
 
Table 3. Energy needs for the whole building model (buildings 9 and 10) 
 
 
External insulation Internal insulation 
Heating Cooling Heating Cooling 
Total [MWh/yr] 39.9 33.7 32.8 36.4 
Total [kWh/m2yr] 25.4 21.4 20.9 23.1 
Peak [kW] 107.9 47.0 124.9 47.7 
Working hours [h] 2,641 2,864 2,404 2,863 
 
For a better understanding of the energy behaviour of the buildings depending on the 
two envelopes configurations, the internal temperatures in free floating during the year 
have been plotted and compared to external and set point temperature. As example, 
Figure 5 and Figure 6 show the result for a winter week and a summer week, respectively, 
of an office thermal zone (TZ08, administrative office). Since external insulation implies 
a slower response to the temperature variation than the internal insulation, the 




Figure 5. Temperatures profiles for internal and external insulation scenarios of thermal zone  
TZ08 (office) during a winter week 
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Figure 6. Temperature profiles for internal and external insulation scenarios of thermal zone  
TZ08 (office) during a summer week 
Estimated energy needs in similar case studies 
It is well known that buildings energy needs simulated in different studies, even in the 
similar field of investigation, are inevitably diverse. This is due to obvious reasons, such 
as different climatic conditions, buildings envelope dimensions, shapes and features, use 
categories, etc. Other less evident reasons can be referred to the adoption of different 
calculation methods or different simulation tools and different assumptions in defining 
the building energy simulation models. Concerning the latter, for instance, the outcomes 
of the tests for the comparison of different users of the standard [46] attested that diverse 
energy modellers may obtain results, differing by as much as 20% for the same building 
in the same climate, as reported in the standard itself. 
Aware of these criticalities, based on the literature review reported in the Introduction 
section, a selection of Italian case studies has been considered for comparing at least the 
order of magnitude of the results obtained in the present case study. The selection of the 
case studies, summarized below mentioning the main envelope retrofit features, is based 
on the ones that reveal similar climatic conditions of Cascina Nosedo (i.e., related to 
locations falling within the range of Heating Degree Days [47] 2,100-3,000, which 
correspond to the national climatic classification “Zone E”) and for which data of 
estimated energy needs are available. 
For the retrofit of the historical school building, having a load-bearing masonry made 
of full clay bricks, located in Milan and analysed in Ferrari and Romeo [3], a space 
heating need of 37 kWh/m2 per year and a space cooling need of 28 kWh/m2 per year 
were estimated after the assessed retrofit scenario (insulation of external walls from 
inside, of basement ceiling and ground floors, and installation of additional internal 
double-glazed windows). While, for the retrofit of a hotel building in Turin assessed in 
Buso et al. [25] (i.e., external insulation of vertical and horizontal opaque envelope and 
installation of new windows), a space heating need of 20 kWh/m2 per year and a space 
cooling need of 38 kWh/m2 per year were estimated. A set of retrofit solutions (i.e., the 
installation of double-glazing windows and the insulation of both vertical stones walls 
and horizontal floor of the unconditioned loft below the pitched roof) was assessed for an 
aged typical farmhouse located in Perugia, Central Italy, in Menconi et al. [27]. In this 
case, the optimal solution results in a space heating energy need of 56 kWh/m2 per year, 
while no cooling system is foreseen.  
In Becchio et al. [24], two refurbishment options (implying high and low investment 
costs, based on different thermal performances, original or new use category and 
conditioned volume) for a traditional rural building located in Livorno Ferraris (a small 
town in Northern Italy) were analysed. Both scenarios foresee the insulation of the 
external walls and roof, the realization of insulated and ventilated floor over the ground, 
and the replacement of windows with new ones having different performances based on 
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different targets. Space heating and cooling needs around 35 kWh/m2 per year and  
8 kWh/m2 per year, respectively, are reported for the low investment scenario, while 
around 20 kWh/m2 per year and 8 kWh/m2 per year for the high investment scenario.  
Figure 7 shows the energy needs of the mentioned case of studies together with the 
ones evaluated for Cascina Nosedo. Results obtained for the two energy retrofit scenarios 
of this last are in the ranges obtained for the mentioned selected case of studies, i.e., 
 20 ÷ 37 kWh/m2 for heating and 8 ÷ 28 kWh/m2 for cooling, demonstrating the global 




Figure 7. Selected case studies’ energy needs and the Cascina Nosedo ones 
Focus on thermal comfort implications 
In order to explore the effects on comfort, among the several thermal zones simulated, 
a focus has been done on the one that revealed the larger thermal energy needs difference 
in relation to the two insulation scenarios: the so-calledTZ05 (Greenhouse Lab).  
To that end, the operative temperature, able to combine the effect of air temperature and 
mean radiant temperature, was taken into account because it represents more accurately the 
performance of the building envelope in contributing to overall thermal comfort sensation. 
In fact, operative temperature is a fundamental parameter for defining indoor 
environmental conditions based on the human body heat balance according to Fanger [48]. 
The Fanger equation is used to determine (according to conventional seasonal clothing 
level and standard air humidity and velocity) reference operative temperature ranges 
related to the building use, which corresponds to defined activity levels. The operative 
temperature limits for the building uses connected to moderate activity level are a 
minimum 20 °C in winter and a maximum 26 °C in summer. Despite the influence of 
operative temperature on the real building energy need, it is commonly neglected in 
simplified building energy assessment, which considers only the air temperature. As a 
matter of fact, in case of unfavourable radiant temperatures, the air temperature set-point is 
usually corrected by the users in order to adjust the indoor condition to compensate the 
radiative component, and the consequent overuse of the active climatization systems 
causes an unpredicted increase of building energy consumption. 
In order to explore this issue, a comparison of the operative temperatures, together 
with air temperatures, related to the two insulation scenarios for the selected thermal zone 
is reported in Figure 8 and Figure 9, for a winter and a summer week. 
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Figure 8. Operative and air temperatures profiles for internal and external insulation scenarios of 




Figure 9. Operative and air temperatures profiles for internal and external insulation scenarios of 
thermal zone TZ05 (Greenhouse Lab) during a winter week 
 
Looking at the two plotted charts, it can be noted that the operative temperatures are 
quite similar in the two cases (internal and external insulation), likely due to the same 
very low thermal transmittance of the walls, in line with the strictest indexes in force, that 
affect similar values of surfaces temperatures. Moreover, during the occupancy hours, 
driven by the air temperature set points, the operative temperatures of the two cases reach 
values similar to the imposed air temperature, having the maximum differences less than 
1 °C, therefore, both the cases satisfy similar thermal comfort conditions. 
Additionally, the adaptive comfort approach has also been taken into account.  
This approach considers the social and psychological aspects of thermal perception and 
assumes that the users’ thermal expectations are actually connected with the outside 
climatic conditions on a variable base [49]. More in detail, it considers the ability of 
human beings to adapt themselves to the environmental conditions through conscious or 
unconscious changes in their metabolic rate or clothing level, and to interact with the 
environment in order to adapt it to their needs through available environmental controls, 
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Hence, based on the adaptive formulation considered in Ferrari and Zanotto [50], the 
adaptive comfort range referred to “very good” indoor conditions (i.e., 90% of 
acceptability) has been calculated. The comfort band together with the temperatures 




Figure 10. Adaptive comfort band and free-floating annual temperatures profiles for internal 
(left) and external (right) insulation scenarios of thermal zone TZ05 (Greenhouse Lab) 
 
Analysing the annual performance of the two cases simulated in free floating, the 
Discomfort Degree Hours (DDH), i.e., the number of hours in which indoor conditions 
are outside the comfort limits and in which heating or cooling loads are required, have 
been calculated according to Blázquez et al. [28].  
For the selected thermal zones, Table 4 reports the heating and cooling energy needs, 
assessed by simulating the conventional set points 20 ÷ 26 °C, and the adaptive DDH***, 
underlining the same trend (during winter internal insulation is better, while during 
summer external insulation is better). 
 
Table 4. Heating and cooling needs and DDH for the selected zone 
 
 
External insulation Internal insulation 
Heating Cooling Heating Cooling 
Simulation with set points 20 ÷ 26 °C 
Energy needs [MWh/yr] 9.67 6.29 8.41 7.14 
Simulation in free floating 
DDH 6,177.8 1,782.7 5,877.2 2,655.6 
Building-Integrated Photovoltaics system on the roof 
Tuning to BIPV, for the roof integration on the South-western pitch of building 10, 
the suitable area for the panels is 328 m2 wide. This configuration has been simulated 
through the tool PVSyst††† obtaining the annual yields of different PV technologies 
(mono-crystalline, poly-crystalline, thin film), reported in Table 5. 
 
Table 5. Results achieved through PVSyst for different BIPV technologies on the roof of  
building 10 
 
 Nominal power [kW] Annual yield [MWh/yr] 
Mono-crystalline 52.5 50.7 
Poly-crystalline 49.2 47.5 
Thin film 32.8 31.7 
                                                 
*** Not only does this index measure the amount of time that the indoor conditions fall outside the 
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As already mentioned, the design of the plant configuration is under definition, 
because of the several obstacles encountered during the project development. 
Nevertheless, some considerations, based on the results discussed in this section, can be 
carried out. A good solution could be to satisfy the energy needs of the buildings with a 
reversible HP both for cooling, heating and DHW. It was assumed to integrate the sewer 
collector as the heat source in order to optimise the performance of the HP thank to the 
proper level of temperature. A preliminary estimation of the total electric demand needed 
by the HP to satisfy the buildings’ energy needs has been accomplished and compared to 
the yearly PV potential, as reported in Table 6. As Hepbasli et al. [51] suggest, the 
performance indexes of a Waste Water Heat Pump (WWHP) depend on the boundary and 
application conditions (inlet and outlet temperatures of the heat exchanger, system 
typology, etc.) and can vary in a wide range. In our case, without the needed details, a 
range of COP was adopted [51] in first analysis, and results are reported in Table 6.  
 






HP ηs** [-] 
Electric demand 
[MWh/yr] 




Heating 36.5* 4-5 9.1-7.3 
139.6-134.6 
 
Cooling 35.0* 3-4 11.7-8.8  
DHW 3.8 3-4 1.3-1 50.7*** 
Lights   46  
Appliances   71.5  
* Average values between internal and external scenario results 
** Seasonal performance coefficient for WWHP [51] 
*** BIPV previously calculated in the case of mono-crystalline technology 
Further discussion of the achieved results 
As concerns the evaluation of the best envelope scenario for the case study retrofit, 
beyond the results obtained in terms of energy needs, the features of the envelope to be 
evaluated regard the dynamic building behaviour and architectural integration. For what 
concerns the architectural aspects, a sensitive topic dealing with the retrofit of a historical 
building, the external insulation involves a modification of the exterior aspect, while the 
case with insulation from inside results in a slightly reduced net internal space.  
Concerning the thermal inertia of the envelope, comparing the two different 
configurations, it was observed that the external insulation implies a slower response and 
adaptation to the temperature variation than the internal insulation. This is a consequence 
of the insulation strategy that includes, with external insulation, or excludes, with internal 
insulation, the brick layer in the computation of the effective thermal mass of the envelope.  
In terms of total needs (heating and cooling), the simulations accomplished show 
negligible difference between the two alternatives, while, in terms of thermal power, the 
external insulation scenario provides a slightly lower peak. Concluding, given the previous 
considerations, it can be stated that, having an intermitting control system regime, serving 
many adjacent zones thermally independent and considering the constrains involved in 
protected building retrofit, the internal insulation scenario could be the optimal solution in 
terms of energy behaviour, architectural integration and feasibility in this particular case of 
study. As mentioned, since the buildings are currently mostly abandoned and composed by 
open and unheated spaces, the definition of a reference case towards comparison of the 
related energy performances and evaluation of the energy improvement is not possible, 
additionally, in this stage, monitoring data are not available. 
Of course, the results obtained are strongly affected by the software calculation method 
and by the assumptions carried out on the thermal zones functions that could slightly 
change in the definitive version of the project.  
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Conversely, on the supply side, although there are no defined rules to prevent BIPV in 
protected buildings and rather the national guidelines for energy retrofit in historical 
buildings (i.e., [34, 35]) contemplate BIPV on the roofs, the official opinion of the 
Superintendence made us lose the benefit of PV generation. The opportunity of PV 
integration is even more significant if it is considered as supply system, in a preliminary 
hypothesis, an electrically-powered HP, through which all the energy demand is 
translated in electricity consumption. Fortunately, the possibility of adopting wastewater 
as heat source for the HP was not discarded. Nonetheless, the definition and the design of 
the system configuration is still in progress, because of the several obstacles encountered 
during the development of the project, such as economic, managerial and  
infrastructural issues.  
After our elaborations, the renovation of Cascina Nosedo complex has been designed 
and the executive project foresees some differences in relation to heating and cooling 
systems, Renewable Energy Sources (RES) integration and buildings to be retrofitted. 
Therefore, further development of our work will regard the energy simulations once the 
executive project is completed and a monitoring activity once building 10 is completed 
and in operation. 
CONCLUSIONS  
This article presents the results of a study aimed at the evaluation of the energy 
retrofit of rural protected buildings. The study shows that achieving good energy 
performance in case of protected buildings is quite challenging due to architectural, 
historical and cultural constraints. Therefore, guidelines and standards at country level 
and robust methodological approaches for framing properly the issue and supporting 
results are needed. In this framework, regardless of the tools used in the particular case 
study described, the method proposed and applied here has proven reliable and can be 
replicated in other similar cases of protected buildings. The design and comparison of 
different energy retrofit solutions is strongly suggested, especially when dealing with 
protected buildings and superintendence judgement.  
Based on results obtained for the case study considered here, in terms of total annual 
needs (heating and cooling), the simulations accomplished show negligible difference 
between the two alternatives, while, in terms of thermal power, the external insulation 
scenario provides a slightly lower peak. In addition, the annual energy needs for space 
heating and for space cooling obtained for the case study are comparable to the ones 
reported in selected studies from literature. 
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